Introduction
Uniparental transmission along the male lineage, small effective population size and absence of recombination (except pseudo-autosomal region) are the salient features of Y chromosome 1, 2 that makes it suitable for tracing maleinitiated migrations. Extensive studies using DNA sequencing and HPLC have enabled to identify numerous single nucleotide polymorphisms (SNPs) on the Y chromosome. 3, 4 These SNPs are single base changes or insertion/deletions, which are slowly evolving in comparison with the short tandem repeat markers, which evolve more rapidly. India represents one of the most diverse regions in the world wherein the populations exhibit enormous diversity in terms of language, culture, and ethnicity. A vast majority of Indian populations belong to the Hindu religion and has over 2000 castes each of which belong to a socially stratified Hindu caste cluster. 5 There are over 400 tribal populations in India in addition to other religious groups like Muslims, Sikhs, Christians, Jains and migrant groups such as the Parsees and Siddis. 6 Earlier studies from India, based on Y chromosome short tandem repeat (STR) polymorphisms have shown that there is either negligible or no male gene flow among populations of India. 7, 8 In contrast, mtDNA d-loop sequence variation 7 showed higher levels of female gene flow between related caste groups. In this research article, we provide new data on 27 Y-chromosome SNP sites in three castes, three tribes, and Siddis (a migrant population of African ancestry) of Andhra Pradesh, South India, and demonstrate that while these SNP markers reveal a substantial genetic variation among these groups, they also detect an evidence of male gene flow among these population groups.
Materials and methods
A total of 204 unrelated males were sampled from seven different populations of Andhra Pradesh, South India. DNA was extracted from fresh blood samples using standard procedure. The populations sampled are from castes (Vizag Brahmins, Peruru Brahmins, Kammas), tribes (Bagata, Poroja, Valmiki) and the Siddis who are migrants from Ethiopia with African ancestry.
Single nucleotide polymorphism genotyping
All markers used in the study were selected from 166 bi-allelic Y-chromosome markers 4 
10,11

Results
Using the 27 biallelic markers we identified eleven haplotypes in 204 Y-chromosomes. The haplotype frequencies in various populations are shown in Table 1 . Also, we present a phylogenetic tree for the present study ( Figure 1 ) under the parsimony assumption, 4, 12 which assign H1 as the ancestral haplotype (also observed in the Chimpanzees). Both H1 and H2 are ancient haplotypes present in African and nonAfrican populations. Further, H5 defined by the M9 (C?G) mutation site appears to be the common ancestor for all haplotypes that are distributed in worldwide populations. H11, which is specific to Southeast Asia, 12 is also present exclusively in the tribal populations. Counting the mutation events shown in Figure 1 of Underhill et al, 4 in total five mutation events are needed to derive the haplotype H16 from H1. The principal component analysis ( Figure 2 ) of the haplotype distributions reveals that more than 87% of the haplotype variation is explained by the three principal components. The positions of the populations, by the three principal component scores, do not generally cluster them by their caste or tribal affiliation. For example, the Valmikis are closest to the Peruru Brahmins, both of which are also close to the Siddis (particularly based on the first two principal components). Also, the Vizag Brahmins and Peruru Brahmins are distant from each other (particularly based on PC1), although they belong to the same social hierarchy. The variance decomposition (AMOVA) analysis of the SNP haplotype frequencies provides a quantitative support of the same trend of genetic affiliation of these populations. With the seven populations divided into three groups (caste, tribe, and the migrant), and using the phylogeny of the 11 haplotypes as described in Su et al., 12 the estimates of the variance components are shown in Table 2 (second column), along with their empirical levels of significance (column 3). While the populations are clearly distinguishable (V p =8.8%, P50.001), the variance component ascribed to among group difference (V g =6.2%) is not significant (P&0.063). Genetic contact of the Valmikis and Siddis with the caste populations European Journal of Human Genetics Y-SNP haplotypes in South India GV Ramana et alalone does not explain this. Excluding them from the analysis, while the numerical value between group differences becomes larger (V g =12.5%), it still remains nonsignificant.
Haplotype sharing and frequency differences of haplotypes can be examined in the light of these observations. It is true that the caste populations (both Brahmin groups and the Kammas) can be distinguished from the two tribal groups (Bagata, Poroja), since the caste populations exhibit the haplotypes H4, H4A, H5A and H16, which are not present in the two tribal groups. In contrast, all the tribal groups show the presence of the Southeast Asian specific haplotype H11. 12, 13 However, the Valmikis share haplotypes H1A, H4, H4A, H5A and H16 with caste populations. They also exhibit the Southeast Asian haplotype H11, which is present in the other two tribes, but neither in any of the caste populations nor in Siddis. The Siddis exhibit H1 and H2 haplotypes, a signature of their African ancestry. Since the H1 individual showed ancestral alleles at M1 (Yap-), M89 (C), and M130 (C) loci, we sequenced this individual for the M168 locus and observed ancestral allele (C). We also sequenced for the M60 locus, and observed insertion of T (1 bp insertion) at this locus (belonging to the haplogroup II). 4 This haplogroup has been previously shown to occur widely in Africa. Thus, its presence in the Siddis corroborates the ancestry of the Siddis from Africa. In addition, they also have non-African haplotypes viz., H4, H5, H14, and H16 in their male gene pool, suggesting extensive admixture with the local Indian groups.
Discussion
Our study on the haplotypic diversity based on Ychromosome SNPs demonstrates that the caste and tribal populations of Andhra Pradesh, South India can be distinguished by the presence of some haplotypes that are unique to these groups (H4, H4A, H5A, and H16 in the caste groups, and H11 in the tribals). However, the presence of haplotypes H4B, H5, and H14 in all of caste and tribal groups studied, and the presence of haplotypes H4A, H5A, H14 and H16 in the Valmikis raise the possibility of extensive gene flow across the caste-tribe distinction of populations in this region of the country.
The AMOVA analysis of the frequency distributions of the 11 haplotypes supports this assertion. Of the haplotypes (H4B, H5, H14, H4A, and H5A) providing the suggestion of caste-tribe gene flow, a more detailed study of the H14 haplotype (defined by M45, an Eurasian marker, and presumably the youngest among these group of haplotypes) provides a further confirmation of our assertion. We have typed Y STR markers viz., DYS 19, DYS 389I, DYS 390, DYS 391 and DYS 393 in all individuals (except in seven individuals, because the DNA was exhausted) carrying H14 (n=49 in the combined sample of seven populations). The haplotypes constructed for these five STRs based on repeat size for each locus showed 30 distinct haplotypes, of which five are shared between the seven population groups (Table 3) . Even more important is the observation that three of the haplotypes are shared between caste and tribal groups, pointing at the possibility of a recent gene flow between castes and tribes.
Using analysis of molecular variance, 10, 11 we partitioned the allele size variances of the five STR loci of the H14 lineage, according to their population affiliation ( Table 2 , columns 4 and 5). There is no significant difference between the three population groups (V g =79.7 P&0.987), while the distinction among populations is significant (V p =23.2%, P50.001). As in the analysis of SNP haplotype data, exclusion of the Valmikis and Siddis does not affect this result. A longer antiquity of haplotypes, as compared to formation of caste and tribal groups, may be proposed to explain the observation of SNP-haplotype sharing of the Valmikis with the caste populations. Two lines of evidence suggest that this may not be the case. First, the non-significant group differences of SNP-haplotype diversity as well as STRhaplotype sharing between the castes and tribes (Tables 2  and 3 ) suggest evidence of gene flow across caste-tribe boundaries, rather than antiquity of haplotypes. Second, Underhill et al, 4 estimated that the average time of adding a new mutation in the non-recombining region of the Y chromosome is approximately 6900 years, which places H14 to have evolved (with three mutations) 20 700 years after H1, and H16 (with five mutations) 34 500 years after H1. With H1 estimated to be 44 000 years old, 4 these may indicate that H14 and H16 may have existed at a time predating the separation of caste and tribes in India. 14 However, we observed haplotype sharing between castes and tribes at the Y-SNP haplotypes in South India GV Ramana et al 698 STR level as well within the H14 lineage (Table 3) , some of which are at least two mutation steps different from each other. The non-significant caste-tribe group difference of the STR-haplotypes of the H14 lineage supports the gene flow hypothesis rather than the antiquity of the haplotypes.
Our data also suggests that Siddis have assimilated considerable non-African Y chromosomes (haplotypes H4, H5, H14, and H16) from the local Indian populations. The arrival of the Siddis in India dates back to AD 1100 15 ± 17 and they have had social contacts with several local Indian populations. From the combined frequencies of the haplotypes of African (H1 and H2) and non-African haplotypes (H4, H5, H14, and H16), data shown in Table 1 indicates that at least 56% of the male genes of the Siddis could be of Indian origin, consistent with our estimate based on five STR loci we reported elsewhere.
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